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Abstract

An aging study was performed to determine the
stability of YBagCusOxr_;. ceramics in humid environ-
ments at 20°C. In this study, fired ceramic specimens
were exposed to humidity levels ranging from 30.5
to 100 percent for 2-, 4-, and 6-week time intervals.
After storage under these conditions, the specimens
were characterized by X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), and electrical resis-
tance measurements.

At every storage condition evaluated, the fired ce-
ramics were found to interact with HoO present in the
surrounding environment, resulting in the decompo-
sition of the YBayCugO~_, phase. XRD data showed
that BaCOg3, CuO, and YoBaCuOs5 were present af-
ter aging and that the peak intensities of these impu-
rity phases increased both with increasing humidity
level and with increasing time of exposure. Addition-
ally, SEM analyses of the ceramic microstructures
after aging revealed the development of needle-like
crystallites along the surface of the test specimens
after aging.

Furthermore, the superconducting transition tem-
perature 7. was found to decrease both with in-
creasing humidity level and with increasing time
of exposure. All the specimens aged at 30.5, 66,
and 81 percent relative humidity exhibited super-
conducting transitions above 80 K, although these
values were reduced by the exposure to the test con-
ditions. Conversely, the specimens stored in direct
contact with water (100 percent relative humidity)
exhibited no superconducting transitions.

Introduction

Since the discovery of the YBayCuszOz_,. high-
temperature superconductor compound (ref. 1), sev-
eral difficulties have been encountered in manufac-
turing and storing these materials because of their
chemical instability in the presence of water. The
chemical instabilty of this superconducting phase
both in high-humidity environments and in direct
contact with water at temperatures ranging from 25°
to 80°C has been the subject of several studies
appearing in the technical literature (refs. 2-8).

In an X-ray diffraction study of the decompo-
sition of the superconducting phase in water, Yan
et al. (ref. 2) found that the YBayCusOr_; super-
conducting phase decomposes into Y;BaCuOs;,

BaCOs, and CuO when exposed to aqueous
environments by the following two-stage reaction:

2YBayCus07_, + 3H20 — YoBaCuOsj

1
+ 3Ba(OH)2 + 5Cu0 + 502

(2) Ba(OH)2 + CO9 — BaCO3+ H;0

In this study, the YBayCusOr7_,. phase was found to
decompose upon direct contact with water at 25°C
as well as upon exposure to high relative humidity
levels at elevated temperatures (85°C at 85 percent
relative humidity).

In another study, Fitch and Burdick (ref. 7) ex-
amined the microstructures of YBagCusOr_,. ceram-
ics after 4 hr of exposure to 100 percent relative
humidity at 80°C. They found that the percent-
age of superconducting phase present had been re-
duced by approximately 60 percent and that sec-
ondary phases had developed in the grain boundaries.
These secondary phases were identified as BaCOg3
and YoBaCuOsj; by X-ray diffraction. Furthermore,
SEM analyses of the microstructures of the corroded
specimens revealed the development of needle-like
crystals both on the surfaces of the grains and along
the grain boundaries.

The decomposition of the superconducting phase
by water is thought (refs. 2-8) to be due to the leach-
ing of Ba from the ceramic to form Ba(OH);, along
the surface of the ceramic. As Ba(OH); is produced,
Y9BaCuOs and CuO are simultaneously formed as
the decomposition reaction proceeds. Upon expo-
sure to atmospheric conditions, the Ba(OH)y present
on the surface of the test specimens is converted
to BaCOg3 by the interaction of the hydrated phase
with COg present in the atmosphere, as described by
reaction (2).

The decomposition of YBayCusOr7_, ceramics in
the presence of water has been compared (ref. 6) with
the dissolution of alkali silicate glasses and calcium
silicate cements. In general, when these materials are
exposed to water, a water-soluble element reacts with
hydronium ions in the water to form a metal hydrox-
ide (e.g., M(OH)) layer on the surface of the ceramic
(refs. 9 and 10). Typically, these reactions take place
along the grain boundaries in polycrystalline ceram-
ics, and the reaction layer becomes thicker as the
time of exposure increases (ref. 11).

In this report, the chemical stability of
YBayCusOr.,, ceramics is evaluated at relative



humidity levels ranging from 30.5 to 100 percent
for up to 6 weeks at 20°C to determine the ef-
fects of long-term storage on these materials. Af-
ter exposure to the humid environments, the super-
conductive specimens were evaluated by Cu-ka X-ray
diffraction, scanning electron microscopy, and stan-
dard dc four-probe resistance measurements to de-
termine the effects of the exposure conditions on the
superconducting materials.

Experimental Procedure

Synthesis of Y-Ba-Cu-O Superconductors

The YBagCusO7_, compound used in this work
was produced by the solid-state reaction of Y503,
BaCO3, and CuO in a manner similar to that de-
scribed by Cava et al (ref. 12). In this process, stoi-
chiometric blends of the precursor powders were ball
milled for 30 min in deionized water. The powder was
subsequently poured into a stainless steel pan, dried,
pressed into loose compacts, and calcined for 8 hr
at 900°C. Upon cooling, the compacts were crushed
with a mortar and pestal, pressed, and calcined as
before. This procedure was repeated a total of three
times.

After the calcining treatments, the crushed pow-
der was ball milled in acetone for 2 hr and dried.
The test specimens for the aging experiments were
prepared by pressing the milled powder into 2.5-cm-
diameter disks at 7 MPa and firing to 950°C for
8 hr in air. The sintered disks were then annealed
in flowing oxygen at 650°C for 15 hr to produce the
superconducting phase.

The resulting disks were cut into rectangular spec-
imens approximately 0.2 cm thick with a diamond
saw. Some of these specimens were characterized
prior to aging by using Cu-ka X-ray diffraction, dc
four-probe resistance measurements, and scanning
electron microscopy to ensure phase purity in the
as-produced ceramics.

Exposure to Humid Environments

Once produced, the YBayCuzOr, specimens
were stored in sealed containers with controlled hu-
midity levels. Constant relative humidities of 30.5,
66, and 81 percent were produced by placing so-
lutions with excess amounts of NaCl, NaNOy, and
(NH4)2504, respectively, in sealed desiccators
(ref. 13). To determine the effects of 100 percent rel-
ative humidity, YBayCu3Or_,. specimens were stored
in deionized water during the test period. Super-
conductive specimens were placed in the four
constant-humidity chambers for 2-, 4-, and 6-week

2

periods to determine the effects of exposure to the
humid environments over time.

Characterization of Aged Specimens

After aging at the controlled humidity levels,
the specimens were characterized by Cu-ka X-ray
diffraction (XRD) to identify any secondary phases
that may have been produced during the exposure
period. Particular emphasis was placed on the pres-
ence of BaCOg in the diffraction patterns, as Ba is
the most likely of the three metal ions in the super-
conductive compound to react with the humid en-
vironment. Scanning electron microscopy (SEM)
analyses were also performed on the specimens after
aging to determine the effects of the various storage
conditions on the microstructure.

Additionally, dc four-probe resistance measure-
ments were performed on each ceramic specimen
after aging to identify any degradation of the super-
conducting transition temperature 7.. In these
analyses, particular attention was given not only
to the value of 7., but to the width of the super-
conducting transition, as wide transitions are of-
ten observed for superconducting materials with
impurity phases present.

Experimental Results

Synthesis of Y-Ba-Cu-0O Superconductors

The solid-state synthesis technique employed
resulted in the formation of phase-pure super-
conductive materials as demonstrated by X-ray
diffraction and dc four-probe measurement results.
The XRD pattern obtained for the as-produced ce-
ramics was in agreement with those reported in the
technical literature (ref. 12). Furthermore, the re-
sistance measurements show that the specimens pos-
sess sharp superconductive transitions above 90 K
(Tc,zero =91 K)

The SEM analyses of the as-produced specimens
show that the YBayCuszOr_,. ceramics possess ran-
domly oriented, rectangular grains typically observed
for this compound (ref. 14). An XRD pattern,
a resistance-versus-temperature plot, and an SEM
micrograph for the as-produced materials are shown
in figures 1 to 3, respectively.

XRD Analyses of Aged Specimens

The XRD analyses of the superconducting ce-
ramic specimens stored at a constant relative hu-
midity of 30.5b percent indicate that after 2 weeks
of exposure, small quantities of BaCO3 were present.
In this instance, the most intense peak attributable
to the presence of BaCOs (at diffraction angle
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Figure 1. XRD pattern of YBasCusO7-, produced by solid-

state synthesis technique.

0151

o

=

o
T

Resistance, Q

A

1 1 1 1 |
0 50 100 150 200 250 300
Temperature, K

Figure 2. Resistance-versus-temperature plot of as-produced

YBasCuzOr- .
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Figure 3. SEM micrograph showing the rectangular grain
structure of as-produced YBaoCu3O7-, ceramics.
26 = 23.9°) was 2.5 percent that of the most intense
YBayCusOr, peak (260 =32.4°). The intensity of
this peak was found to increase as the exposure time
to this humidity level increased. After 4 weeks of
exposure, the peak intensity was 5.8 percent of the
largest YBaoCusOr_,. peak, and after 6 weeks it was
6.5 percent of the largest YBagCusOr_,. peak.

Similar XRD patterns were obtained for the spec-
imens aged at 66 and 81 percent relative humidity.
At these two humidity levels, the peak intensity of
the BaCOs3 peak was also found to increase with re-
spect to that of the most intense YBayCusOr_,. peak
as the exposure time was increased. The largest val-
ues for the ratios of the most intense BaCOg peak to
that of the most intense YBayCuszOr_, peak (1/1,)
were 17 percent for the specimens stored at 66 per-
cent relative humidity for 6 weeks and 20 percent for
the specimens stored at 81 percent relative humidity
for 6 weeks.

In addition to the formation of BaCOg3, peaks at-
tributable to the presence of YoBaCuOs and CuO
were identified on the surface of the specimens aged
longer than 4 weeks at 66 percent relative humidity
and longer than 2 weeks at 81 percent relative hu-
midity. The relative peak intensities for these com-
pounds were less than those attributable to BaCOs3,
although the intensities of these peaks also increased
as the time of exposure to the humid environment
increased.

The specimens stored in direct contact with
deionized water (100 percent relative humidity) were
found to possess larger quantities of BaCOs3 than
those stored at lower humidity levels. After 2 weeks
of exposure to deionized water, the value of 1/1,
was found to be 18 percent.  This value was
found to increase to 23 percent after 4 weeks,
and after 6 weeks of exposure, the most intense
peak observed in the XRD pattern was that of
BaCOg3 (I/1, = 100 percent). In this case, peaks for
Y9BaCuOs and CuO were also identified. The vari-
ous phases identified in the XRD analyses are given
in table 1. Furthermore, the relative peak inten-
sities 1/1, for each of the experimental conditions
are plotted against the time of exposure in figure 4.
The XRD data for each experimental condition are
provided in appendix A.

SEM Analyses of Aged Specimens

The SEM analyses of the samples aged at various
humidity levels show the loss of the superconductive
microstructure (see fig. 3) and the growth of small,
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Table 1. Secondary Phases Identified by XRD Analysis
and Their Relative Peak Intensities After Exposure
to Various Humidity Levels

Peak
Relative | Exposure Secondary intensities
humidity, time, phases 1/1,
percent weeks identified percent
30.5 2 BaCOs3 2
30.5 4 BaCOs3 5.6
30.5 6 BaCOs3 6.5
66 2 BaCOs3 10
66 4 BaCO3Y2BaCuOs 11
66 6 BaCO3Y2BaCuOs 13.5
81 2 BaCO3CuO, 11.5
Y2BaCuOs
81 4 BaCO3CuO, 16.7
Y2BaCuOs
81 6 BaCO3CuO, 20
Y2BaCuOs
100 2 BaCO3CuO, 15
Y2BaCuOs
100 4 BaCO3CuO, 25
Y2BaCuOs
100 6 BaCO3CuO, 100
Y2BaCuOs
1.2
i Relative humidity,
10k percent
i o 100
8t o 81
i A 66
<
8

Exposure time, weeks

Figure 4. Relative peak intensities I /I, for superconducting

specimens stored under various relative humidity levels.

needle-like crystallites, presumably BaCOsg, on the
surfaces of the aged specimens. The formation of
these crystallites on the surface of a YBaoCuszOr,

these crystallites is shown in figure 6, in which the
resence of 1-2-pum crystallites along the surface of
the test specimen is observed.

L-93-20

Figure 5. SEM micrograph showing formation of small,

needle-like grains (bottom right) on surface of

YBagCuzO7-, specimen stored at 66 percent relative
humidity for 6 weeks.

L-93-21

Figure 6. SEM micrograph showing formation of BaCOg3 crys-

tallites on surface of YBasCuzO7-, specimen stored at

100 percent relative humidity for 2 weeks (magnified 3000
times).

specimen stored at 66 percent relative humidity for
6 weeks is shown in figure 5. In this micrograph, the
degradation of the surface of the ceramic is shown.
Similar microstructures were also observed for spec-
imens aged at relative humidity levels between 30.5
and 81 percent.

The specimens stored in direct contact with water
decomposed much faster than those stored at lower
humidity levels. The more pronounced growth of



As the time of exposure to the 100 percent rela-
tive humidity was increased, the size of the crystals
observed on the surface of the specimens also in-
creased. The continued growth of the crystallites is
shown in figures 7 and 8 for specimens aged in de-
ionized water for 4 and 6 weeks, respectively. The
microstructures shown in figures 6 through 8 are simi-
lar to those reported by Bansal and Sandkuhl (ref. 4),
who studied the effects of exposure to high humid-
ity levels (85-100 percent) at temperatures ranging
from 25° to 55°C.

[-93-22

Figure 7. SEM micrograph illustrating continued growth of

BaCOg crystallites on YBaoCuszOr7-, specimen stored at
100 percent relative humidity for 4 weeks.

L-93-23
Figure 8. SEM micrograph of decomposition products along
surface of YBaoCu3zO7-, specimen stored at 100 percent

relative humidity for 6 weeks.

Results of dc¢ Four-Probe Resistance
Measurements

Like the XRD results, the resistance measure-
ments show that the exposure to each of the ex-
perimental conditions resulted in degradation of the
superconducting specimen. At each relative humid-
ity level tested, both the temperature of the onset
of superconductivity (7¢onset) and the temperature
at which zero resistance is obtained (7: zero) Were re-
duced after several weeks of exposure to the humid
environments. (See table 2.)

Table 2. Values T¢onget and Te gero for YBasCuzOr-p

Specimens Stored in Humid Environments

Relative Exposure
humidity, time,
percent weeks Tc7onset Tc7zero
30.5 2 92 88
30.5 4 91 87.5
30.5 6 89 86.5
66 2 92 87.5
66 4 92 88.5
66 6 91.5 87
81 2 91 87
81 4 88.5 85
81 6 86 82
100 2
100 4
100 6

The superconducting transition temperature of
the specimen stored at 30.5 percent relative hummdity
for 2 weeks decreased from 91 to 88 K, although the
temperature of the onset of superconductivity was
unchanged. After 4 weeks of exposure at 30.5 percent
relative humidity, the values for T¢ onget and Tt zero
were decreased to 91 and 87.5 K, respectively. After
6 weeks of exposure at this humidity level, the values
of T¢ onget and Tt gero were further decreased to 89
and 86.5 K. Resistance-versus-temperature plots for
the specimens aged at 30.5 percent relative hummdity
are shown in figure 9.

The resistance-versus-temperature plots for the
specimens stored at 66 and 81 percent relative hu-
midity were similar to those of the ceramics stored
at 30.5 percent. In each instance, the values for
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Figure 9. Resistance-versus-temperature plot of super-
conducting specimens aged at 30.5 percent relative
humidity.

Te onset and T gero were reduced from the values
of the as-produced material. The resistance-versus-
temperature data obtained for these specimens are
shown in figures 10 and 11.

None of the specimens aged in direct contact
with water (100 percent relative humidity) were
found to exhibit a superconducting transition. This
result was anticipated from the XRD studies, which
show that these specimens are composed primarily of
decomposition products.

Discussion

The interaction of YBasCuszO7., with water
present in the sealed containers resulted in the
chemical decomposition of the superconductive ma-
terial and an associated reduction of the super-
conducting transition temperature T, of the test
specimens at every humidity level tested. After
2 weeks of exposure at 30.5 percent relative humidity,
the presence of BaCOs was detected on the surface
of the specimen by X-ray diffraction. Although the
SEM analyses showed little degradation of the micro-
structure, the resistance-versus-temperature mea-
surements show that 7¢zero was reduced from 91
to 88 K. These results indicate that exposure to
ambient conditions for relatively short periods of
time may adversely affect the properties of the ce-
ramic. Furthermore, these results indicate that ex-
posure to low humidity levels can cause degradation
at room temperature, affecting long-term storage of
the materials.

As the time of exposure and the humidity level
increased, the ceramics reacted more vigorously with
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Figure 10. Resistance-versus-temperature plot of super-
conducting specimens aged at 66 percent relative

humidity.
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Figure 11. Resistance-versus-temperature plot of super-
conducting specimens aged at 81 percent relative
humidity.

the water vapor present to form BaCOsz on the
surface of the superconductor, as described by Yan
et al. (ref. 2). As this decomposition results in the
deposition of impurity phases (e.g., YoBaCuOs5 and
BaCOg) along the grain boundaries of the ceramic,
the electrical properties of the material will decline
(ref. 7). The decrease in the electrical properties
1s attributable to the presence of these impurity
phases in the grain boundaries (ref. 15), which are
already considered to be electrical “weak links” in
the superconducting ceramic (ref. 16).



The relationship between the degradation of
the superconductive transition temperature with
increasing impurity phase concentrations may be
best illustrated by plotting the relative peak inten-
sity of the largest BaCO3 peaks (1/1,) from the XRD
evaluation versus the corresponding 7t zero values of
the ceramics stored between 30.5 and 81 percent rel-
ative humidity, as shown in figure 12. In this graph,
the humidity level at which the specimens were stored
is not taken into account. Nevertheless, the graph
indicates that the reduction of the superconducting
transition temperature is a function of the impurity
phase concentration.

92

90

0 ' 10 ' 20 ' 30
g

Figure 12. Relationship between T¢ero and relative peak in-
tensity I/I, for barium carbonate present in test sped-
mens stored at 30.5, 66, and 81 percent relative humidity.

In each of the experiments, the XRD and dc
four-probe resistance measurements show a decreas-
ing superconducting transition temperature with
increasing BaCOj3 peak intensity (I/I,). This corre-
lation was not observed for the specimens immersed
in water, as shown in figure 4. For example, the XRD
results obtained for specimens immersed in water for
2 weeks show that the value of I/1, is 15 percent,
which 1s similar to that for specimens stored at other
conditions (e.g., I/I, = 16.7 percent for specimens
stored at 81 percent relative humidity for 4 weeks).
However, no evidence of superconductivity was found
in these specimens by dc four-probe analysis.

This combination of results indicates that the
reactive nature of the liquid/solid and vapor/solid
interfaces is different. The interaction along the
vapor/solid interface results in the direct deposi-
tion of BaCOs along the surface of the test spec-
imens. Conversely, the leaching of Ba from the
YBayCusOr_, ceramics results in both BaCOs pro-
duced on the surface and Ba ions lost in solution,
which are not accounted for in the XRD results.
Thus, in the previously mentioned example, super-
conductivity is lost altogether, although the XRD
results show BaCOs3 levels indicative of a specimen
that should possess a superconducting transition.

Concluding Remarks

The combined results show that HoO present
in the atmosphere at 20°C reacts with the
YBayCus07.,, compound to form BaCOs, CuO,
and Y2BaCuOs on the surface of the ceramics, as
previously described in the technical literature.

In this study, reduction of the superconducting
transition temperature was found to correlate with
the presence of BaCOs and other impurity phases
on the surface of the ceramic. The presence of these
impurity phases on the surface of the test specimens
was identified by X-ray diffraction and SEM analy-
ses. The decrease in the superconductive transition
temperature is due to the deposition of insulating
decomposition products along the grain boundaries,
further reducing intergranular connectivity.

The significant result of this study is that these
interactions take place at such low relative humid-
ity and temperature combinations that storage of
superconductive devices may be a key issue in the
use of these materials. To combat the reactivity of
this superconductive compound with ambient mois-
ture, protective overcoats may be required to avoid
any degradation of the ceramics during both storage
and operation.

NASA Langley Research Center
Hampton, VA 23681-0001
July 1, 1993



Appendix A

X-Ray Diffraction Data

The XRD data presented in this appendix in tables A1-A13 are displayed in terms of the diffraction angle
26, the relative peak intensity, and the phase identified by a peak occurring at this angle. The relative intensity
term 1/, is calculated by dividing the intensity of a peak by the intensity of the largest peak observed in the
diffraction pattern.

Table A2. XRD Data for YBasCuzO7, Stored at

Table A1l. XRD Data for As-Produced YBasCuszOr-, 30.5 Percent Relative Humidity for 2 Weeks
Diffraction angle, Diffraction angle,
26, deg 1/1, Phase identified 20, deg 1/1, Phase identified
22.8 10 YBaoCuzOr-, 22.8 9 YBaoCusOrp
32.7 100 YBaoCuzOr-p 23.9 25 BaCOg
38.6 15 &7Ba20u307_33 32.7 100 &7Ba20u307—3_«
40.4 20 YBasCu3O7-x 38.6 10 YBagCusO7
46.8 35 YBa2oCuzO7_y 40.4 19 YBaoCuz Oy
47.5 20 YBasCusO7-, 46.8 34 YBasCuzOz
58.4 40 YBasCusO7-, 47.5 20 YBagCusO7
58.8 25 &7Ba20u307_33 58.4 38 &7Ba20u307—3_«
68.8 25 &7Ba20u307_33 58.8 27 &7Ba20u307—3_«
68.8 22 YBagCusO7
Table A3. XRD Data for YBasCuzO7-, Stored at Table A4. XRD Data for YBasCuzO7, Stored at
30.5 Percent Relative Humidity for 4 Weeks 30.5 Percent Relative Humidity for 6 Weeks
Diffraction angle, Diffraction angle,
26, deg 1/1, Phase identified 26, deg 1/1, Phase identified
22.8 8 YBasCuzOr 5 22.8 6 YBasCuzOr
23.9 5.8 BaCO3 23.9 6.5 BaCO3
32.7 100 YBaoCusOr_ 27.9 5.8 BaCOs3
38.6 13 YBaoCusOr_ 29.4 4.5 Y2BaCuOs
40.4 22 YBaoCusOr_ 32.7 100 YBagCusO7
46.8 33 YBaoCusOr_ 38.6 13 YBagCusO7
47.5 18 YBasCuzOr 5 40.4 19 YBasCuzOr
58.4 45 YBasCusOr- 46.8 30 YBaoCusOrp
58.8 27 YvBa‘_)Cu;},O%x 47.5 17 YvBagcu;},Opx
68.8 24 YBaoCusOr_ 52.6 5 BaCOs3
53.2 4 BaCOs3
55.2 6 BaCOs3
58.4 43 YBasCuzOz
58.8 27 YBagCusO7
68.8 24 YBagCusO7




Table A5. XRD Data for YBasCu3O7-» Stored at
66 Percent Relative Humidity for 2 Weeks

Diffraction angle,

20, deg 1/1, Phase identified
22.8 9 YBasCuzOr 5
23.9 10 BaCOg3
32.7 100 YBaoCusOr-p
38.6 14 YBaoCusOr-p
40.4 20 YBasCusOr-p
46.8 35 YBaoCusOr-p
47.5 22 YBasCuzOr-»
58.4 43 YBaoCusOr-p
58.8 25 YBaoCusOr-p
68.8 24 YBaoCusOr-p

Table A6. XRD Data for YBasCuzO7-, Stored at
66 Percent Relative Humidity for 4 Weeks

Table A7. XRD Data for YBasCuzO7, Stored at
66 Percent Relative Humidity for 6 Weeks

Diffraction angle,

Diffraction angle,

26, deg 1/1, Phase identified 26, deg 1/1, Phase identified
22.8 9 YBasCuzOr 5 22.8 7 YBasCuzOr
23.9 11 BaCOg 23.9 135 BaCOs3
27.7 6.5 BaCOs3 28.1 7.5 BaCOs3
29.4 4.5 YsBaCuOs 29.7 5 YsBaCuOs
32.7 100 YBaQCu;},O?_Q_« 32.7 100 YBagCu;;Opx
38.6 15 YBaoCusOr_ 38.6 18 YBasCuzOr
40.4 16 YBasCusOr- 40.4 18 YBaoCusOrp
46.8 28 YBaQCu;},O?_Q_« 46.8 36 YBagCu;;Opx
47.5 20 YBasCuzOr 5 47.5 16 YBasCuzOr
52.5 8 BaCO3 51.7 9 YBa2CuzOr,
58.4 56 YBaoCusOr_ 53.3 7 BaCOs3
58.8 30 YBaQCu;},O?_Q_« 58.4 47 YBagCu;;Opx
68.8 27 YBaoCusOr_ 58.8 27 YBasCuzOr

68.8 26 YBasCuzOr




Table A8. XRD Data for YBasCu3O7-, Stored at
81 Percent Relative Humidity for 2 Weeks

Diffraction angle,

20, deg 1/1, Phase identified
22.8 9 YBasCuzOr
239 11.5 BaCOg3
28.1 75 BaCOj3
30.0 5 Y+BaCuOs
32.7 100 YBasCusOrp
36.0 6 BaCOs3
36.6 6 CuO
386 14 YBaosCuzOr- s
40 4 20 YBaoCusOrp
46 .8 36 YBasCusOrp
475 16 YBasCuszOry
53.3 9 BaCOj3
584 47 YBaosCuzOr- s
58.8 27 YBaosCuzOr- s
68.8 26 YBaosCuzOr- s

Table A9. XRD Data for YBasCuzO7-, Stored at
81 Percent Relative Humidity for 4 Weeks

Table A10. XRD Data for YBasCuzO7-, Stored at
81 Percent Relative Humidity for 6 Weeks

Diffraction angle,

Diffraction angle,

26, deg 1/1, Phase identified 26, deg 1/1, Phase identified
22.8 9 YBasCuzOr 5 22.8 9 YBasCuzOr 5
23.9 16.7 BaCO3 23.9 20 BaCOs3
28.1 7 BaCOg 28.1 8 BaCOs3
29.7 7 Y2BaCuOs 29.9 9 YsBaCuOs
32.7 100 YBaQCu;},O?_Q_« 32.7 100 YBagCu;;OFx
36.7 6 CuO 36.7 10 CuO
38.6 18 YBaQCu;},O?_Q_« 38.6 14 YBagCu;;OFx
40.4 21 YBasCuzOr-» 40.4 20 YBasCuzOr-»
46.8 37 YBaoCusOr_ 46.8 35 YBasCuzOr 5
47.5 21 YBasCuzOr 5 47.5 22 YBasCuzOr 5
51.7 7 YBaQCu;},O?_Q_« 51.7 8 YBagCu;;OFx
53.3 9 BaCOs3 53.3 10 BaCOs3
55.4 6 BaCO3 55.4 8 BaCOs3
58.4 43 YBasCuzOr 5 58.4 43 YBasCuzOr 5
58.8 25 YBaoCusOr_ 58.8 25 YBasCuzOr 5
68.8 26 YBaQCu;},O?_Q_« 68.8 24 YBagCu;;OFx
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Table A11. XRD Data for YBasCu3O7, Stored at
100 Percent Relative Humidity for 2 Weeks

Diffraction angle,

20, deg 1/1, Phase identified
22.8 8 YBasCuzOr
239 15 BaCOj3
27.8 7 BaCOj3
295 85 Y+BaCuOs
32.7 100 YBasCusOrp
354 14 CuO
386 24 YBaosCuzOr- s
40 4 17 YBaoCusOrp
46 .8 31 YBaosCuzOr- s
475 15 YBaoCuszOr-,
51.7 8 YBasCusOrp
53.0 6 BaCOj3
584 52 YBaosCuzOr- s
58.8 28 YBaosCuzOr- s
68.8 25 YBasCuszOr-»

Table A12. XRD Data for YBaoCu3O7, Stored at
100 Percent Relative Humidity for 4 Weeks

Table A13. XRD Data for YBasCuzO7, Stored at
100 Percent Relative Humidity for 6 Weeks

Diffraction angle,

Diffraction angle,

20, deg 1/1, Phase identified 26, deg 1/1, Phase identified
22.8 9 YBasCuzOrp 22.8 13 YBasCuzOr- 5
23.9 25 BaCOg 23.9 100 BaCOs
27.9 75 BaCOj3 27.9 36.5 BaCOg
298 5.4 Y5BaCuOs 30.0 10 Y-oBaCuOj
327 100 YBa2CuzOr-, 32.7 16 YBasCusOr-y
348 4 BaCOg 33.9 65 BaCOg
36.0 10 CuO 34.8 4 BaCOg
38.6 19 CuO, YBasCuzOr, 35.6 22 CuO
44 4 17 YBasCuzOrp 38.6 41 CuO, YBasCuzOr,
45.3 10 BaCOg 42.0 30 BaCOs
46 .8 35 YBasCugOr, 42.9 16 BaCOg
475 14 YBasCuzOr,y 444 927 BaCOs
49.0 6 BaCOg 46.8 68 YBasCuzOr-
58 4 61 YBasCuzOrp 474 26 YBasCuzOr- 5
58.8 33 YBasCugOr, 49.0 17 BaCOg
68.8 28 YBa2CuzOr-, 56.0 24 BaCOg

58.4 43 YBasCuzOr-
58.3 30 YBasCuzOr-
58.8 22 YBasCuzOr-
61.0 30 CuO
61.2 32 CuO
62.1 17 CuO
68.8 24 YBasCuzOr-
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